The enzymes which metabolize lipid soluble compounds are localized in microsomes of liver and reduced NADP and molecular oxygen are required as cofactors. It was recently demonstrated that the activities of drug-metabolizing enzymes are an important factor for controling the action and toxicity of drugs (1-9).
The enzymes which metabolize lipid soluble compounds are localized in microsomes of liver and reduced NADP and molecular oxygen are required as cofactors. It was recently demonstrated that the activities of drug-metabolizing enzymes are an important factor for controling the action and toxicity of drugs (1) (2) (3) (4) (5) (6) (7) (8) (9) .
The activities of drug metabolizing enzymes were altered by several factors, such as administration of some drugs, anabolic hormone, alloxan diabetes, hyperthyroidism and starvation (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .
1 n previous papers, it was reported that the activity of drug-metabolizing enzymes of liver microsomes in male rats was markedly decreased by starvation, while the activity i n female rats was increased (14) .
The starvation caused a decrease in liver weight as well as body weight and the blood flow of liver. On the other hand, studies on electron microscopy showed that endoplasmic reticulum in liver of fasted rats was markedly altered in their fine structure by starvation (16, 17) . Moreover, it has been considered that microsomes are artifacts during the homo genization of liver and they are likely derived from the endoplasmic reticulum. Thus, there is a possibility that the alternations in the enzyme activities in female and male rats may be artifacts during the homogenization.
The purpose of the present investigation is to establish the correlation between the in vivo metabolism and activity of drugs and the in vitro metabolism of drugs in fasted female and male rats.
METHODS
Female and male rats of \Vistar strain, weighing about 160 g and 180 g, respectively, were used. The rats were fasted for 2 days before the experiments.
The estimation of drug ejects: The durations of pentobarbital narcosis, hexobarbital narcosis and zoxazolamine paralysis were measured by the duration of loss of righting reflex. Strychnine toxicity was determined by the percentage of convulsion and mortality. Toxi city of OMPA (Octamethylpyrophosphoramide) was determined by the median time of the onset of symptom, convulsion and death.
Assaies of in vivo metabolisms of drugs: In vivo metabolisms of drugs were determined by the decrease of serum concentration of drugs following intraperitoneal administration of drugs. The blood was collect from vena and arteria carotis and 1 ml of the serum was used for chemical assay. The brain was homogenized with 2 volumes of distilled water and 3 ml of the homogenate were used for the chemical assay.
Chemical assay: Hexobarbital was determined according to the method of Cooper and Brodie (18) . Pentobarbital was determined according to the method of Brodie et al. (19) . Zoxazolamine and carisoprodol were determined according to the method of Conney et al. (20) and Kato et al. (21) , respectively.
Enzyme assay: The rats were killed by decapitation and the livers removed and homo genized in 4 volumes of ice-cold 1.15% KCl solution with a Teflon-glass homogenizer. The homogenate was centrifuged at 9,000 x g for 15 minutes. Three ml of the 9,000 x g supernatant were mixed with 2.0 ml of solution containing NADP (1.5 ,amole), glucose 6-phosphate (50 ,"mole), magnesium chloride (25 ,nmole), nicotinamide (100 ,"mole), potassium phosphate buffer (280 ,"mole, pH 7.4) and substrate (carisoprodol, 2 ,"mole).
The mixture incubated in a metabolic shaker for 30 minutes at 37°C under air. 2. Effect of starvation on the in vivo metabolism of pentobarbital and carisoprodol in male and female rats Fig. 1 shows the effect of starvation for 48 hours on the in vivo metabolism of pen tobarbital in female and male rats. The starvation markedly decreased the rate of me RESULTS 1. Effect of starvation on body and liver weight in male and female rats Table 1 showed that the starvation decreased more clearly the liver weight than the body weight. Thus the liver weight and body weight ratio was markedly decreased in the fasted rats. There was no clear sex difference in the decrease of the body weight and liver weight.
tabolism of pentobarbital in male rats, the biological half-life of pentobarbital in control rats was 46 minutes, while it in fasted rats was 81 minutes.
In contrast, the starvation slightly increased the rate of metabolism of pentobarbital in female rats, the biological half-life of pentobarbital in control rats was 106 minutes, while it in fasted rats was 88 minutes.
The sex difference in the rate of pentobarbital metabolism, therefore, was almost disappeared following starvation for 48 hours.
The rate of decrease in the serum con centration of pentobarbital showed similar results which were observed with the concentra tion in the brain.
Similarly, the starvation markedly decreased the rate of metabolism of carisoprodol in male rats, while the starvation slightly increased the rate of metabolism of carisoprodol in female rats (Fig. 2 ). The sex difference in the rate of carisoprodol metabolism, therefore, was almost disappeared following starvation for 48 hours. Futhermore, similar results
were observed on the metabolism of hexobarbital.
FIG. 1. Effect of starvation on the in vivo meta
bolism of pentobarbital in male and female rats.
Sixty male and female rats were used. The thirty rats were fasted for 48 hours and pentobarbital (30 mg/kg) was given intraperitoneally.
Each six rats were killed by decapitation at 30, 60, 90, 120, 180 minutes later and the brains were used for the determination of pentobarbital.
FIG. 2. Effect of starvation on the in vivo meta
bolism of carisoprodol in male and female rats. Sixty male and female rats were used. The thirty rats were fasted for 48 hours and carisoprodol (150 mg/kg) was given intraperitoneally.
Each six rats were killed by decapitation at 30, 60, 120, 180, 300 minutes later and the brains were used for the determination of carisoprodol.
FIG. 3. Effect of starvation on the in vivo meta
bolism of zoxazolamine in male and female rats. Sixty male and female rats were used. The thirty rats were fasted for 48 hours and zoxazolamine (100 mg/kg) was given intraperitoneally.
Each six rats were killed by decapitation at 60, 120, 240, 360, 600 minutes later and the brains were used for the determination of zoxazolamine. 
Effect of starvation on the in vivo metabolism
of zoxazolamine Contrary to the metabolism of pento barbital and carisoprodol, there was no clear sex difference in the metabolism of zoxazolamine (Fig. 3) .
The starvation increased the rate of metabolism of zoxazolamine in male rats as well as in female rats. The biological half life of zoxazolamine in male and female rats was 705 minutes and 765 minutes, respec tively, while it in fasted male and female rats was 485 minutes and 545 minutes. The rate of decrease in the serum concen tration of zoxazolamine showed a similar pattern to that in the concentration in the brain. Further experiments showed that the metabolisms of pentobarbital and zoxa zolamine were markedly decreased by sucrose feeding in both male and female rats. 4 . Effect of the starvation on the duration of hexobarbital narcosis and zoxazolamine para lysis in male and female rats The duration of hexobarbital narcosis in male rats was markedly increased by the fasting, but it in female rats was significantly decreased. On the other hand, duration of zoxazolamine paralysis was significantly decreased in both male and female rats (Table  2) . Moreover, the duration of hexobarbital narcosis in male rats was markedly increased by the sucrose feeding and it in female rats was also increased, but the percentages of increase is markedly higher in male rats than that in female rats. On the other hand, duration of zoxazolamine paralysis was significantly increased by the sucrose feeding in both male and female rats to a similar extent. These results indicate that the effect of sucrose feeding is completely differ from that of the fasting in both female and male rats. 5. Effect of the starvation on the toxicity of strychnine and OMPA The toxicity of strychnine was markedly increased in male rats by the fasting, but it in female rats was decreased. On the other hand, the sucrose feeding markedly increased the toxicity of strychnine in male rats, and it also slightly increased in female rats (Table   3 ). In contrast, the toxicity of OMPA (Octamethylpyrophosphoramide) was higher in male than in female rats and it was markedly decreased in male rats by fasting , but it in female rats was slightly increased (Table 4) . These results are likely related to the evidence that OMPA itself is a weak inhibitor of cholinesterase, but it is converted to a potent inhibi tor following activation by liver microsomes (22-24).
Effect of starvation on the action of repeated administration of pentobarbital in female rats
It was previously reported that repeated administration of pentobarbital increase the rate of metabolism of pentobarbital.
Experiments were designed to investigate the effect of starvation on the action of repeated administration of pentobarbital (constant dose or increasing doses) in female rats.
Repeated administration of constant dose of pentobarbital progressively decreased the duration of narcosis in fed rats as well as in the fasted rats , but the decrease was more clear in fasted rats than that in fed rats . Moreover, this difference was more evident in the rats treated with increasing doses. For example, in the rats treated with increasing doses for 6 days the duration of narcosis by 60 mg/kg pentobarbital was 91 % of that in the non-treated rats given 35 mg/kg, while in the fasted rats the duration of narcosis was only 37% of that in non-treated rats. 
Effect of Phenobarbital on the metabolism of carisoprodol and duration of paralysis by carisoprodol
In the previous work the decrease in the duration of narcosis following repeated injec tion of pentobarbital was more evident in fasted rats than that in fed rats . Table 6 shows that the effect of phenobarbital on the in vivo metabolism and duration of paralysis of cariso prodol was more clear in fasted rats than that in fed rats. Two hours after the admini stration of carisoprodol (250 mg/kg, i.p.) the serum concentration of the drug in control and fasted rats was 159 and 144 ,ag/ml, respectively, while it in the phenobarbital treated fed rats and the fasted rats was 24 and 3 ,ag/ml, respectively. Table 7 summarizes the in vitro and in vivo metabolism of carisoprodol in the fasted male and female rats. The starvation decreased the in vitro metabolism of carisoprodol in the fasted male rats by 50%, 69% and 61 %, respectively, according to the calculation based on per g liver, per total liver and per 100 g body weight. The rate of in vivo metabolism was decreased by 46%.
Comparison between in vitro metabolism and in vivo metabolism of carisoprodol in fasted rats
On the other hand, the in vitro metabolism (per g liver) in the fasted female rats was increased by 22% and the rate of in vivo metabolism was increased by 29%. In contrast, the in vitro metabolism (per total liver and per 100 g body weight) in fasted female rats was decreased by 21% and 6%, respectively, by the starvation. Since the metabolism per 100 g body weight should be more closely related to the in vivo metabolism, the difference between two results in both male and female rats may indicate following evidence that the activity of carisoprodol-metabolizing enzyme in the liver microsomes of the fasted rats may easily lose thier activity during the preparation.
DISCUSSION
It was established in several cases that alternations in the activity of drug-meta bolizing enzymes of liver microsomes accompany similar alternations in the rate of in vivo metabolism of drugs and in the activity and toxicity of drugs (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .
It was demonstrated by electron microscopic studies that the structure of endoplasmic reticulum of liver cell markedly altered by the starvation.
For example, according to the observation of Fawcett (16) , and Bernhard and Rouiller (17) in liver cell of fasted rats membrane-bounded vesicles are disagregated and individual stands of endoplasmic reticulum scattered throughout the cytoplasma. There appears to be a significant decrease in the total amount of endoplasmic reticulum present in the cell. Thus, it would be supposed that fine structure of microsomes derived from the liver of fasted rats may be markedly differ from that derived from the liver of normal rats. Although it was not yet demonstrated, it would be possible to suppose that the alternation of fine struc ture of microsomes may influence activity of drug-metabolizing enzymes. However, the results of present studies showed that the alternations in the rate of in vivo metabolism of drugs and in the activity and toxicity of drugs in the fasted rats were similar to these in the activity of drug-metabolizing enzymes. However, as shown in Table 7 , the decrease in the in vitro metabolism of drugs (expres sed by 100 g body weight )in the fasted male rats about 33% higher than that calculated from the in vivo metabolism of drugs. Moreover, the in vivo metabolism of carisoprodol in the fasted female rats was increased by 29%, while the in vitro metabolism of (expressed by 100 g body weight) was decreased about by 6%. These results indicated that there are some factors which suppress the activity of drug-matebolizing enzymes in the microsomes from the fasted rats.
It was of interest that the in vivo metabolism of drugs in female rats was increased by starvation, while that in male rats was decreased. The exact reason is not yet known, but it was supposed that the activities of drug-metabolizing enzymes of liver microsomes in male rats which have being stimulated by androgenic hormone and they are easily decreased by unphysiological conditions, such as administration of morphine, adrenaline, formalin and thyroxin, alloxan diabetes and starvation (14, 15) .
Moreover, it was of interest that the decrease in the duration of pentobarbital narcosis was more clearly observed in the fasted rats than that in the chow diet fed rats. These results were in accord with the results reported in a previous paper that the activity of drug metabolizing enzymes of liver microsomes and the weight of liver were more markedly increased by the treatment with phenobarbital in the fasted rats than in the chow diet fed rats (25) .
Futhermore, the feeding on sucrose markedly depressed the in vivo metabolism of drugs and thus increased the activity of the drugs. Since the fasting was increased the in vivo metabolism of drugs, these results were specially interesting. The mechanism of these different results was not yet clear, but it is likely related to the depressed synthesis of the microsomal enzymes in the sucrose fed rats.
All the results observed in the present studies support the view that the increase and decrease in the activities of drug-metabolizing enzymes by the starvation in female rats and male rats were not due to the result of an artifact by the homogenization of the liver cell, but they were likely due to real alternations in the enzyme activities. SUMMARY 1. The duration of hexobarbital narcosis was markedly decreased in fasted male rats, while it was slightly increased in fasted female rats. On the other hand, the duration of zoxazolamine paralysis was increased in both fasted male and female rats.
2. The toxicity of strychnine was markedly increased in the fasted male rats, while it was slightly decreased in the fasted female rats, and the toxicity of OMPA was markedly decreased in the fasted male rats, while it was slightly increased in the fasted female rats.
Studies on in vivo experiments
showed that the rates of metabolisms of some drugs which showed clear sex difference, such as hexobarbital, carisoprodol and pentobarbotal, were markedly decreased by the starvation in male rats, but they were slightly increased in female rats, while the rates of metabolisms of some drugs which showed no clear sex difference, such as zoxazolamine, were slightly increased by the starvation in both male and female rats.
4. Sucrose feeding increased the durations of hexobarbital and pentobarbital narcosis and zoxazolamine and carisoprodol paralysis, and the toxicity of strychnine by decreasing the rates of the metabolism of drugs.
5. Since the results of present studies were closely related to that in a previous paper on the activity of drug-metabolizing enzymes in the fasted or sucrose fed rats, these facts confirmed the view that the alternations in the enzyme activity in the fasted and sucrose fed rats were not artifact by the homogenization, but they were likely due to real changes in the enzyme activity.
